SENT BY: PICARRO; 



408 962 3203; 



APR-28-04 12:HPM; 



PAGE 2 



What if claimed is: 

1 . A laser formed by an optical resonator comprising: 

a) an electrically pumped semiconductor gain medium comprising a single-mode 
optical waveguide having first and second endfaces where said first endface is an output 
couplef of said optical resonator, from which a beam with total power P u is emitted from 
said second endface, 

b) a leiis which receives said emitted beam and transmits it to 

c) an a<fousto-optic device which receives said transmitted beam, wherein said received 
beam i$ distorted and attenuated, but not frequency shifted, in the course of 
transmission through the acousto-optic device, and wherein the extent of the distortion 
and attenuation is dependent on the received beam wavelength and the RF frequency 
applied to the acous to optic device, and 

d) a return mirror which reflects said non frequency-shifted beam back through said 
acoustd-optic device and said lens, whereby said reflected beam impinges on said 
second endface with a total power P b , with a lesser optical power P 0 being launched into 
the gain medium waveguide, such that Po/P a has a maximum value at a wavelength A<> 
where ^he total loss due to mode mismatching and attenuation in the external cavity is 
minimi zed, where Xo is selected by said acousto-optic device in response to the RF 
frequency applied to said acousto-optic device, and wherein A« is the wavelength of laser 
emissicfn from said first endface, 

2. The jaser of claim 1 wherein said optical resonator also contains a grid fixing etalon. 



3. The laser of claim 1 wherein discrete tunability is achieved by utilizing a parasitic 
etalon j positioned within said optical resonator 



i 

4. The laser of claim 1 where discrete tunability is achieved by adjusting the round trip 
optical path length of said optical resonator. 

5. A lasher formed by an optical resonator comprising: 
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a) a pumped gain medium comprising a single-mode optical waveguide having first and 
second cndfaces, where said first endface is an output coupler of the optical resonator, 
from Which a beam with total power Pa is emitted from said second endface, 

b) coupling optics which receive the beam emitted from said second endface and transmit 
it to, 

c) a spectrally dependent spatial filtering (SDSF) tuning element which receives said 
transmitted beam, and which allows said received beam to exit from the tuning element 
as a be am that is attenuated and distorted without a frequency shift, wherein the extent of 
the attenuation and distortion depends on said received beam wavelength, and wherein 
said SlJ>SF tuning element includes control means to alter the wavelength dependence of 
the bea|m distortion and attenuation, 

d) a retfurn mirror which reflects said distorted and attenuated beam back through said 
tuning (element and said coupling optics, whereby said reflected beam impinges on said 
second endface with a total power P b , with a lesser power P 0 being launched into the gain 
mediuih waveguide, such that P^^ has a maximum value at a wavelength 7^ where the 
total lots due to mode mismatching and attenuation in the external cavity is minimized, 
where \o is selected by said tuning element, and wherein A^is the laser emission 
wavelength from said first endface. 

6. The User of claim 5, wherein said SDSF tuning element is a volume hologram, aligned 
such thjat the propagation direction of laser beam within said optical resonator is 
nominally unchanged in transmission through said hologram only at X*. 



7. The 
and 



aser of claim 5 wherein thiee wave mixing occurs in said SDSF tuning element, 
SDSF tuning element is aligned such that no frequency shift is incurred in 
transmission through said element. 



said 



8. The laser of claim 7 where the three wave mixing interaction is an acousto-optic 
interaction and wherein said SDSF is an AOTF. 



9. The laser of claim 5 wherein said optical resonator also contains a grid fixing etalon. 
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10. Th^ laser of claim 5 wherein discrete tunability is achieved by utilizing u parasitic 
etalon positioned within said optical resonator. 

11. Th^ laser of claim 5 where discrete tunability is achieved by adjusting the roundtrip 
optical ipath length of said optical resonator. 

12. A lfcser formed by an optical resonator comprising: 

a) a pumped gain medium comprising a single-mode optical waveguide, having first 
and second endfaces where said first endface is an output coupler of said optical 
resonator, from which medium a beam with total power P 8 is emitted from said 
second endface, 

b) coupling optics which receive the beam emitted from said second endface and 
transmit it to, 

c) a spectrally dependent spatial filtering (SDSF) tuning element which receives 
said transmitted beam and which allows said received beam to exit from the 
tuning element as a beam that is attenuated and distorted without a frequency 
shift, wherein the extent of the attenuation and distortion depends on said 
jreceived beam wavelength, and wherein said SDSF tuning element includes 
jcontrol means to alter the wavelength dependence of the beam distortion and 
jattenuatio^ and 

d) ja return mirror which reflects said non frequency-shifted beam back such that the 
^otal round trip loss attains a minimum value at a wavelength Xo selected by said 
jSDSF tuning element, whereby Ao is the wavelength of the beam emitted from 
jsaid second endface and whereby said reflected beam impinges on said second 
jendface with a total power with a lesser optical power Po being launched into 
jthe gain medium waveguide t such that P</Pa has a maximum value at a 
[wavelength Xo where the total loss due to mode mismatching and attenuation in 
jthe external cavity is minimized, where K is selected by said SDSF tuning 
jelement in response to said control means applied to said SDSF tuning element, 
bid wherein A« is the wavelength of the beam emitted from said first endface. 
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13. Thfc laser of claim 12, wherein said SDSF tuning element is a volume hologram, 
aligned such that the propagation direction of the laser beam within said optical resonator 
is nominally unchanged in transmission through said hologram only at Xo. 



14. Th£ laser of claim 12 wherein three wave mixing occurs in said SDSF tuning 
element, and said SDSF tuning element is aligned such that no frequency shift is incurred 
in transmission through said element. 

15. Th£ laser of claim 14 where the three wave mixing interaction is an acousto-optic 
interaction and wherein said SDSF is an AOTF. 

16* Th$ laser of claim 12 wherein said optical resonator also contains a grid fixing etalon. 

17. Th£ l*se r of claim 12 wherein discrete tunability is achieved by utilizing a parasitic 
etalon positioned within said optical resonator. 

I 

1 8. Th£ laser of claim 12 where discrete tunability is achieved by adjusting the round trip 
optical; path length of said optical resonator. 

19. A laser formed by an optical resonator comprising: 

a) a pumped gain medium, 

b) b) a spectrally dependent spatial filtering (SDSF) tuning element, which allows said 
incident beam to exit from the tuning element as a beam that is attenuated and 
distorted without a frequency shift, wherein the extent of the attenuation and 
distortion depends on said incident beam wavelength, and wherein said SDSF tuning 
element includes control means to alter the wavelength dependence of the beam 
distortion and attenuation, and 

c) a fcpatial filter, such that the total round trip loss attains a minimum value at a 
wavelength X t0 selected by said tuning element, whereby Xq is the laser emission 
wavelength. 
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laser of claim 19, wherein said SDSF tuning element is a volume hologram, 
such that the propagation direction of the laser beam within said 
resonator is nominally unchanged in transmission through said hologram only at 

laser of claim 19 wherein three wave mixing occurs in said SDSF tuning 
, and said SDSF tuning element is aligned such that no frequency shift is incurred 
through said element. 



20. Th$ 
aligned 
optical 

21. TH 
element 
in transmission 



22. Thd laser of claim 21 where the three wave mixing interaction is an acousto-optic 

interaction and wherein said SDSF is an AOTF. 

i 

23. ThQ laser of claim 19 wherein said optical resonator also contains a grid fixing etalon. 

24. Th<j laser of claim 19 wherein discrete tunability is achieved by utilizing a parasitic 
etalon positioned within said optical resonator 



25. Tlie laser of claim 19 where discrete tunability is achieved by setting the 
round tHp optical path length of said optical resonator. 



26. A 
a) 



lfcser 1 



b) 



formed by an optical resonator comprising: 
a pumped gain medium comprising a single-mode optical waveguide having first 
and second endfaces from which medium a beam with total power P 8 is emitted 
from said second endface, 

a volume hologram tuning element which receives said emitted beam and which 
is aligned such that the propagation direction of said beam within said optica) 
resonator is nominally unchanged by transmission through said hologram only at 
a wavelength 7^ selected by said hologram, 
whereby said received beam impinges on said first or said second endface with an 

power P<» being launched into the gain medium waveguide, such that Po/P a has 
m|aximum value at wavelength 7^ at which wavelength the total loss in the external 
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canity is minimized, where A<, is selected by said volume hologram whereby Xo is the 
las6r emission wavelength. 

27. A method for generating a tunable laser beam comprising the steps of: 

a) pumping a gain medium positioned within an optical resonator to thereby 
generate an optical beam, 

b) passing said beam through a spectrally dependent spatial filtering (SDSF) tuning 
element aligned within said optical resonator, 

c) passing the beam through a spatial filter aligned within said optical resonator, 

d) distorting and attenuating the beam passing through said SDSF tuning element in 
accordance with a beam distortion and attenuation control signal, such thai the 
total round trip loss within said optical resonator is at a minimum at a wavelength 
Ao 

e) emitting laser radiation having a wavelength Xo fro m output coupler situated 
within said optical resonator, and, 

f) tuning the wavelength of said laser beam by causing said SDSF tuning element to 
select Xq in response to the beam distortion and attenuation control signal. 



28. Th^ method for generating a tunable laser beam set forth in claim 27 wherein said 
SDSF tuning element is a volume hologram, aligned such that the propagation direction 
of the l^ser beam within said optical resonator is nominally unchanged in transmission 

i 
i 

through said hologram only at Xp. 



29. Th4 method for generating a tunable laser beam set forth in claim 27 wherein three 
wave njuxing occurs in said SDSF tuning element, and said SDSF tuning element is 
aligned! such that no frequency shift is incurred in transmission through said element. 

30. The method for generating a tunable laser beam set forth in claim 29 where the three 
wave nkixing interaction is an acous to-optic interaction wherein said SDFSF is an AOTF. 
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31. Th$ method for generating a tunable laser beam set forth in claim 27 comprising the 
further 1 steps of: 

f) inserting a secondary output coupler into said optical resonator such that a 
fraction of the circulating laser beam within said optical resonator is emitted from 
said secondary output coupler, 

g) h) dividing said emitted beam into a first sub-beam in a first optical path, and a 
second sub-beam in a second optical path, 

h) filtering said second sub-beam with a linear transmission filter placed in said 
second optical path to produce a filtered second sub-beam, 

i) determining relative beam intensities of said first sub-beam in said first optical 
path and said second filtered sub-beam in said second optical path in order to 
measure the laser emission wavelength. 



i 

2. Thii 



32. Th4 method for generating a tunable laser beam set forth in claim 3 1 wherein said 
SDSF tuning element is a volume hologram, aligned such that the propagation direction 

i 

of the Ikser beam within said optical resonator is nominally unchanged in transmission 

through said hologram only at X<>. 

I 

33. Th4 method for generating a tunable laser beam set forth in claim 31 wherein three 
wave mixing occurs in said SDSF tuning element, and said SDSF tuning element is 
aligned! such that no frequency shift is incurred in transmission through said element 

34. Th$ method for generating a tunable laser beam set forth in claim 33 where the three 
wave nlixing interaction is an acousto-optic interaction wherein sais SDSF is an AOTF. 

35. Th0 method for generating a tunable laser beam set forth in claim 27 comprising the 
further isteps of: 

g) inserting a secondary output coupler into said optical resonator such that a fraction of 
the circulating laser beam within said optical resonator is emitted as a first beam from 
said secondary output coupler, and such that a fraction of a diffracted beam 



• 
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generated within said SDSF tuning element is emitted as a second beam from said 
secondary output coupler, and 

h) determining the relative beam intensities of said first beam and said second beam in 
order to measure the difference between the laser emission wavelength and the center 
wavelehgth of the zeroth order spectral notch of said SDSF tuning element. 

36. Th4 method for generating a tunable laser beam set forth in claim 35 wherein said 
SDSF tuning element is a volume hologram, aligned such that the propagation direction 
of the laser beam within said optical resonator is nominally unchanged in transmission 
through said hologram only at Xq. 

37. Th$ method for generating a tunable laser beam set forth in claim 35 wherein three 
wave mixing occurs in said SDSF tuning element, and said SDSF tuning element is 

aligned such that no frequency shift is incurred in transmission through said element. 

! 

38. Th4 method for generating a tunable laser beam set forth in claim 37 where the three 
wave niixing interaction is an acousto-optic interaction wherein sais SDSF is an AOTF. 

39. Th0 method for generating a tunable laser beam set forth in claim 27 comprising the 
further steps of: 

g) insetrting a grid fixing etalon into said optical resonator in order to provide discrete 
tunabilfty, 



h) 
the 
said 
optical 
emitted 
i)dei 
to 
the 



seconc 



inserting a secondary output coupler into said optical resonator such that a fraction of 
circulating laser beam within said optical resonator is emitted as a first beam from 
dary output coupler, and such that a fraction of the beam generated within said 
resonator by reflection of the circulating laser beam from said grid fixing etalon is 
as a second beam from said secondary output coupler, and 
terfnining relative beam intensities of said first beam and said second beam in order 

the difference between the laser emission wavelength and a wavelength of 
transmission peak of said grid fixing etalon. 
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40. Tl4 method for generating a tunable laser beam set forth in claim 39 wherein said 
SDSF tuning element is a volume hologram, aligned such that the propagation direction 
of the laser beam within said optical resonator is nominally unchanged in transmission 
through said hologram only at A*. 

41. Th$ method for generating a tunable laser beam set forth in claim 39 wherein three 
wave fixing occurs in said SDSF tuning element, and said SDSF tuning element is 

aligned such that no frequency shift is incurred in transmission through said element. 

I 
I 

42. Ttie method for generating a tunable laser beam set forth in claim 41 where the three 
wave fixing interaction is an acousto-optic interaction wherein said SDSF is an AOTF. 

43. A method for generating a tunable laser beam comprising the steps of: 

a) pumping a gain medium positioned within an optical resonator, said gain medium 
comprising a single-mode optical waveguide, 

b) passing the beam through a spectrally dependent spatial filtering (SDSF) tuning 
element within said optical resonator, 

c) distorting and attenuating the beam passing through said SDSF tuning element in 
accordance with a beam distortion and attenuation control signal, such that the 
total round trip loss within said optical resonator is minimized at a wavelength X<>, 

d) emitting laser radiation having a wavelength Xo from an output coupler within said 
optical resonator, and 

e) j tuning the wavelength of said laser beam by selecting ^ by said SDSF tuning 
jelcment in response to the beam distortion and attenuation control signal. 



44 
SDSF 
of the 



The 



method for generating a tunable laser beam set forth in claim 43 wherein said 
timing element is a volume hologram, aligned such that the propagation direction 
beam within said optical resonator is nominally unchanged in transmission 
through said hologram only at V 
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45. Th^ method for generating a tunable laser beam set forth in claim 43 wherein three 
wave niixing occurs in said SDSF tuning element, and said SDSF tuning element is 

i 

aligned such that no frequency shift is incurred in transmission through said element. 

46. Th^ method for generating a tunable laser beam set forth in claim 45 where the three 
wave nixing interaction is an acousto-optic interaction wherein said SDSF is an AOTF. 

47. Thp method for generating a tunable laser beam set forth in claim 43 comprising the 
further Isteps of: 

f) [inserting a secondary output coupler into said optical resonator such that a 
fraction of the circulating laser beam within said optical resonator is emitted from 
said secondary output coupler, 

g) idividing said emitted beam into a first sub-beam in a first optical path, and a 
second sub-beam in a second optical path, 

h) ! filtering said second sub-beam with a linear transmission Filter placed in said 
second optical path to produce a filtered second sub-beam, 

i) determining relative beam intensities of said first sub-beam in said first optical 
path and said second filtered sub-beam in said second optical path in order to 
measure the laser emission wavelength, 

48. Thd method for generating a tunable laser beam set forth in claim 47 wherein said 
SDSF quiring element is a volume hologram, aligned such that the propagation direction 
of the Ip&er beam within said optical resonator is nominally unchanged in transmission 
through said hologram only at 

49. Th0 method for generating a tunable laser beam set forth in claim 47 wherein three 
wave nixing occurs in said SDSF tuning element, and said SDSF tuning element is 
aligned! such that no frequency shift is incurred in transmission through said element. 

50. Thq method for generating a tunable laser beam set forth in claim 49 where the three 
wave mixing interaction is an acousto-optic interaction and said SDSF is an AOTF, 
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51. Th4 method for generating a tunable laser beam set forth in claim 43 comprising the 
further [steps of: 

g) inserting a secondary output coupler into said optical resonator such that a 
fraction of the circulating laser beam within said optical resonator is emitted as a 
first beam from said secondary output coupler, and such that a fraction of a 
diffracted beam generated within said SDSF tuning element is emitted as a second 
beam from said secondary output coupler, 

h) determining the relative beam intensities of said first beam and said second beam 
in order to measure the difference between the laser emission wavelength and the 
center wavelength of the zeroth order spectral notch of said SDSF tuning element. 

52. Thi method for generating a tunable laser beam set forth in claim 5 1 wherein said 
SDSF timing element is a volume hologram, aligned such that the propagation direction 
of the lfrser beam within said optical resonator is nominally unchanged in transmission 
througti said hologram only at X<>. 

53. The method for generating a tunable laser beam set forth in claim 51 wherein three 
wave niixing occurs in said SDSF tuning element, and said SDSF tuning element is 
aligned! such that no frequency shift is incurred in transmission through said element. 

54. Thd method for generating a tunable laser beam set forth in claim 53 where the three 
wave niixing interaction is an acousto-optic interaction and said SDSF is an AOTF. 

55. The| method for generating a tunable laser beam set forth in claim 43 comprising the 
further fcteps of: 

f) inser ing a grid fixing etalon into said optical resonator in order to provide discrete 
tunability, 

g) inserting a secondary output coupler into said optical resonator such that a fraction of 
the circulating laser beam within said optical resonator is emitted as a first beam from 
said secondary output coupler, and such that a fraction of the beam generated within said 
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optical [resonator by reflection of the circulating laser beam from said grid fixing etalon is 
emitted as a second beam from said secondary output coupler, 

h)deter mining relative beam intensities of said first beam and said second beam in order 
to measure the difference between the laser emission wavelength and a wavelength of 
the transmission peak of said grid fixing etalon. 

56. Th4 method for generating a tunable laser beam set forth in claim 55 wherein said 
SDSF tuning element is a volume hologram, aligned such that the propagation direction 
of the laser beam within said optical resonator is nominally unchanged in transmission 
through said hologram only at A<>- 

57. Thb method for generating a tunable laser beam set forth in claim 55 

wherein three wave mixing occurs in said SDSF tuning element, and said SDSF tuning 
element is aligned such that no frequency shift is incurred in transmission through said 
elemen|L 

58. Th$ method for generating a tunable laser beam set forth in claim 57 where the three 
wave nkixing interaction is an acousto-optic interaction and said SDSF is an AOTF. 
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